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Plan diagram of inverted siphon
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Fig.2 Schematic diagram of inverted siphon
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Fig.3 Pressure envelope diagram along the closed
valve during normal operation
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Fig. 4 Pressure envelope diagram along the line after
complete pipe burst
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Fig.5 Flow and presure change curve of blasting point
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Fig. 6 Pressure envelope diagram along the valve when the
flow rate at the blasting point is 7. 38 m’ /s
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Fig.7 Pressure and flow variation curve of submerged energy dissipation valve near 4,75 partition service valve
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Fig. 8 Pressure envelope diagram along the valve closure line

at blasting point flow rate of 14,76 m®/s and 36.9 m’/s
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Study on Head Loss Characteristics of Combined Layout of Water Diversion

Shaft and Surge Chamber in Pumped Storage Power Stations
LIU Xue-shan', YING Peng-tao', WU Han’, BAI Qi-jian’, LIU Zi-rui’, HUANG Min’, GUO Wen-cheng®
(1. China Southern Power Grid Energy Storage Co. , Ltd. , Guangzhou 510630, China;
2. PowerChina Zhongnan Engineering Corporation Limited, Changsha 410014, China;
3. School of Civil and Hydraulic Engineering, Huazhong University of Science and Technology, Wuhan 430074, China)
Abstract: The pumped storage power stations are critical infrastructure for achieving carbon neutrality goals. Based
on the three-dimensional computational fluid dynamics method, the head loss characteristics in the combined diversion
shaft-surge chamber arrangement are investigated. Firstly, the three-dimensional model from the upstream inlet to the in-
let of the unit is established. Then, the hydraulic characteristics under different arrangement types are analyzed. Finally,
the influence of the diameter of the turning section and the impedance holes on the head loss is explored under the combi-
nation arrangement. The results indicate that the pressure distributions are similar in combined and uncombined arrange-
ments. The hydrodynamic characteristics are not deteriorated and reflective water hammer is more effective in combined
arrangements. Under the combined arrangement, the larger the diameter of the turning section and the impedance hole,
the smaller the head loss coefficient is. This study can provide theoretical references for the design of new structures for
pumped storage power stations.
Key words: pumped storage power station; surge chamber; combined layout; head loss coefficient; impedance coefficient
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Research on Water Hammer Protection of Inverted Siphon Pipe Burst

with Long Distance High Drop and Large Flow

LIU You-liang, HU Bin-chao, CAI Yong-fang, TAO Cheng-jun, WANG Long-biao, YIN Da-zhuang
(Gansu Province Water Conservancy and Hydropower Survey and Design Institute CO. , LTD. , Lanzhou 730000, China)

Abstract: The number of long-distance, high drop, pressurized, and self-flowing water pipeline projects is increasing
in the northwest region. Most of the pipelines show undulating shapes, and the hydraulic transition process of the entire
pipeline system becomes very complex during operation and regulation. When the water hammer protection setting is un-
reasonable, it will lead to pipe explosion, seriously threatening the safety of people and property. In order to ensure the
safe operation of the entire system, the characteristic line method and the HAMMER V8i water hammer analysis soft-
ware were used to analyze the hydraulic transition process of a long and high drop inverted siphon in a water transmission
project. By setting isolation and maintenance valves, submerged energy dissipation valves, and exhaust valves along the
pipeline, and setting regulating valves at the end of the pipeline, the positive pressure of the pipeline system is effectively
controlled during normal operation and valve closure. By simulating the hydraulic transition process of the pipeline system
under different flow rates after pipe explosion, the installation of water hammer protection equipment minimizes the harm
caused by pipe explosion. The flow rate of the pipeline system after complete pipe explosion is not continuous. The action
time and operation rules of the water hammer protection equipment for long-distance and high drop inverted siphon lines
play a crucial role in the safety of the entire system. The research results can provide reference for the similar projects.

Key words: inverted siphon; submerged energy dissipation valve; water hammer; pipe burst





